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Abstract. Our work deals with options of 

positioning estimation with the real DVB-T and the LTE 

signals. For receiving we are going use a DVB-T tuner, 

which can be used as SDR. Received samples we process in 

Matlab. We need to realize whole software radio because 

our hardware is baseband ADC with IQ numeric output 

without PLL or other hardware synchronization. In this 
paper we describe hardware, which we want to use for 

reception of complex samples for processing in Matlab. The 

signal postprocessing is necessary for positioning 

estimation with access on physical layer. 
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1. Hardware description 

For our research we find the project RTL-SDR [1]. 
Thanks to this project it is possible to use the USB TV DVB-

T dongle like a cheap software defined radio based on the 

Realtek RTL2832U chipset. It was found, that the signal I/Q 

data could be accessed directly, which allowed the DVB-T 

dongle to be converted into a SDR via a new software driver. 

For our research we selected the dongle with the tuner 

Raphael Micro R820T. This tuner allows retune the 

frequency in the range from 42 MHz to 1850MHz, which 
allows wide use.  

 

Fig. 1 – DVB-T dongle 

The tuner R820T is serving for up/down conversion of 

the signals including amplification and filtering.  

2. Signal processing of broadband 

signals for position determination 

In our study, we use the SDR based signal 

processing using MatLab. Because our hardware is the 

baseband ADC with the IQ numeric output without the PLL 

or other hardware synchronization we need to realize a 

whole software radio.  

Our Signal of Opportunity is the DVB-T signal but we can 
use also the LTE because those signals are very similar and 

with parameters adjustment we could process both.  

The software is divided into several steps realizing 

the signal processing. Those steps are: 

 Finding duration of guard interval 

 Estimation of symbol beginning and frequency 

offset 

 Estimation of channel impulse response in low-

resolution 

 Signal regeneration and restoration 

 Channel modelling 

 

2.1 Finding duration of guard interval 

The DVB-T and LTE signals use the guard interval for 

the synchronization. The guard interval consists in a cyclic 
continuation of the useful part of the signal and is inserted 

before it [2]. Because the guard interval has more possible 

lengths we created an algorithm for finding a duration of the 

guard interval. The algorithm creates a function very similar 

to the log-likehood function according [3]. Than this 

function is derived and maximum of derivation respond to 

duration of guard interval. This is described by equations 

(1), (2) and (3). 

 𝛾(𝑚) = ∑ 𝑠(𝑘) ∙ 𝑠∗(𝑘 + 𝑁𝑠)𝑚+𝐿−1
𝑘=𝑚   (1) 

𝑑𝛾(𝑚) =
𝜕

𝛾(𝑚)

𝛾(𝑚𝑎𝑥)

𝜕𝑚
    (2) 

𝑁𝑑 =
1

𝑑𝛾(𝑚𝑎𝑥)
    (3) 
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Where: 

𝛾(𝑚) the log-likehood function 

𝑠(𝑘) captured signal 

𝐿 number of samples in the longest possible 
guard interval 

𝑁𝑠 number of samples in the OFDM symbol 

without guard interval 

𝑑𝛾(𝑚) normalized derivation of the log-likehood 
function 

𝑁𝑑 number of samples corresponding to the length 

of guard interval. 

 

The principle of the algorithm is shown in the Fig. 2. 

Fig. 2 – The principle of finding duration of the guard interval 

 

2.2 Estimation of symbol beginning and 

frequency offset 

The next step is an estimation of the symbol beginning and 

the frequency offset. We have data in the time domain, but 

we need to find the beginning of the OFDM symbol and the 

frequency offset for a rough signal regeneration.  

For this we are using an algorithm for the time and 
frequency offset estimation [3]. It is the algorithm based on 

the correlation between the end of the OFDM symbol and 

the guard interval located in the beginning of the OFDM 

symbol. Samples in the guard interval are similar to samples 

in the end of the OFDM symbol. If the phase shift between 

the start and the end of the OFDM symbol is less than π we 

can determine frequency offset ε like argmax (phase of 

complex number in function maximum) of the log-likehood 

function. 

 

𝜀 = arg[𝛾(𝑚𝑎𝑥)]    (4) 

 

The principle of time and frequency offset estimation is 

shown in the Fig. 3. 

Fig. 3 –Principle of time and frequency offset 

The example of the real Log-likehood function is 
shown on the next picture. The signal was generated from 

the DVB-T generator. Similar results were reached with the 

real DVB-T signal on 46-th DVB-T channel measured in the 

CTU building in fourth floor with the dipole antenna.  

Fig. 4 – Example of Log-likehood function 

 The signal beginning was found but with some 
uncertainty caused by noise and multipath. For estimation of 

the channel impulse response we need to find beginning of 

the signal with accuracy of one subcarrier frequency 

spacing. To ensure that we use algorithm inspired by [4]. 

Algorithm is defined by: 

𝑆(𝜔) = 𝐹𝐹𝑇{𝑠(𝑡 + 𝑘)}    (5) 

𝑓(𝑘) = ∑ 𝑃𝑅𝑁(𝑃) ∙ 𝑆(𝑃)𝑃 𝑘 ∈ 𝒁  (6) 

𝜃 = 𝑎𝑟𝑔max(𝑓(𝑘))    (7) 

 

Where: 

𝑆(𝜔) Spectrum of OFDM symbol 

𝐹𝐹𝑇{𝑠(𝑡 + 𝑘)} Fast Fourier transform of time shifted 

OFDM symbol  
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𝑘 Time shift of the OFDM symbol 

𝑃𝑅𝑁(𝑃) Pseudo-Random noise whereby pilots 

are modulated 

𝑃 Numbers of pilot subcarriers   

𝜃 Whole number time offset 

𝑎𝑟𝑔max(𝑓(𝑘)) Function returns coefficient where 

function f(k) is maximum 

 

2.3 Estimation of channel impulse response 

in low-resolution 

The signal is captured with many negative 

influences gained during transmission and with influences 

caused by the transmitter. For the signal regeneration we 

need to suppress those effects. For that we use the pilot 

symbols in the signal to estimate the channel impulse 

response. Because the pilots are only on limited number of 

subcarriers we assume the channel is static on the period of 

several milliseconds and we could use the pilots of more 
OFDM symbols and interpolate them. Because of that we 

can regenerate the amplitude and phase error. Partly also 

influence of multipath. The examples of the channel impulse 

response are in the following figures. 

Fig. 5 - Transfer function without multipath (generated with the DVB-T 

              generator) 

Fig. 6 - Transfer function with multipath (DVB-T channel 46 in Prague) 

2.4 Signal regeneration and restoration 

For the signal regeneration we use the transfer 

function generated in the previous paragraph. We can 

evaluate the regenerated signal using following equation: 

 

𝑅(𝜔) =
𝑆(𝜔)

𝐻(𝜔)
    (8) 

Where: 

ω angular frequency 

R(ω) the regenerated frequency spectrum of the signal 

S(ω) the received frequency spectrum of the signal 

H(ω) the estimated channel transfer function 

The regenerated signal additionally contains a 
noise. We need to restore the original signal to suppress an 

influence of the noise. To do so we need to assign points in 

the regenerated signal to points of a constellation diagram 

given by [2]. The example of the regenerated signal and the 

restored signal is in the next pictures. The signal was the real 

signal on channel 46 with the multipath, 3-transmitter 

constellation and approximately 30dB SNR. It was captured 

in Prague by a signal analyser and processed by our program 

in MatLab. 

Fig. 7 - Constellation diagram of regenerated DVB-T signal 

Fig. 8 - Constellation diagram of restored DVB-T signal 

 

2.5 Channel modelling 

For the position estimation we can use a channel 
modelling techniques. We are using the channel impulse 

response for estimation time delay between signal arrivals 

from transmitters, which we can use for the position 

estimation. We also realize shift in frequency domain 

between the received signal and the local copy created from 

the restored signal. With this we can suppress an influence 

of the frequency setting uncertainty of the signal receiver 

and also supress the multipath caused by fast moving 

objects. We model the channel according the following 

equation: 

𝑀𝑜𝑑𝑒𝑙(𝑡,𝜔) = ∑
𝑆𝑡(𝛺+𝜔)

𝑆𝑟(𝛺)
∙ 𝑒

𝑖2𝜋𝛺𝑡
𝛺𝑚𝑎𝑥
⁄𝛺𝑚𝑎𝑥−1

𝛺   (9) 
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Where: 

Model(t,ω) the time and frequency domain model of 

the channel created by our program 

St(Ω+ω) the spectrum of the received signal 
shifted by ω 

Sr(Ω) the spectrum of the local copy of the 

received signal created from the 

regenerated signal 

The channel model according this equation is shown in the 
Fig. 9. It is created from the real signal measured in Prague 

on the channel 46 where it has the constellation with three 

transmitters. Axes are cropped for better illustration.  

Fig. 9 –Model of the channel 

 

3. Transmitter detection on LTE 

The processing of the LTE signals is similar to the 

DVB-T. For the position estimation is important to know 

position of the transmitter. This is possible to find out from 
the received signal. Every transmitter in the LTE network 

has an identification number, which is called “Cell ID”. This 

number is possible to find out from pilot signals. The LTE 

standard [5] specifies: 

𝑁𝐼𝐷
𝑐𝑒𝑙𝑙 = 3 ∗ 𝑁𝐼𝐷

(1) +𝑁𝐼𝐷
(2)

   (10) 

Where: 

𝑁𝐼𝐷
(1)

 the cell group 

𝑁𝐼𝐷
(2)

 the cell ID sector within the group 

The cell detection is performed by using the primary 

and secondary synchronization signals (PSS and SSS, 

respectively), which has the same function like a PRN 

sequence in the DVB-T signal. 

The first step of the Cell ID detection is finding the start 
of the PSS symbol by using the autocorrelation of the 

received baseband signal in the time domain, as in [6], which 

exploits the symmetry of the PSS. 

After removing the CP (cyclic prefix) and FFT 

computing, the cell ID sector is detected like the maximum 

of the cross-correlation between the received samples and 

the PSS sequences in the frequency domain. In the end the 

Cell ID is determined by (10). 
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